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ABSTRACT 
Purpose: Interactive Virtual Games (IVGs) are active learning tools that promote critical 
thinking, problem solving, and/or content memorization through timed, interactive simulations 
and activities. The purpose of this study was to determine the attitudes and perceptions of dental 
hygiene students toward learning with an IVG.  
 
Methods: An anonymous Qualtrics link was emailed to 70 first- and second-year dental hygiene 
(DH) students in the undergraduate baccalaureate program at the University of North Carolina at 
Chapel Hill Adams School of Dentistry. The link contained a short animated video describing 
the concept of an IVG, followed by a 26-question survey related to demographic identification, 
technology usage, preferred learning styles, and IVG integration. Univariate analysis yielded 
descriptive data about the participants’ opinions.  
 
Results: Fifty students submitted responses to the survey (response rate 71%). Ninety percent 
(N=45) reported having played some type of educational video game in the past. Ninety-two 
percent (N=46) indicated that they were interested using IVGs to supplement the information 
presented in class. Students reported interest in using IVGs to improve their critical thinking 
ability (98%, N=49), memorization ability (96%, N=48), and tactile skills (96%, N=48). Students 
stated that they believed IVGs were versatile and would improve their preparedness for clinic.  
 
Conclusion: The positive attitudes and perceptions of DH students toward the notion of IVGs 
indicate that students would welcome IVGs as a means to learn in the classroom. Further 
research involving the design, implementation, and effectiveness of an IVG is needed.  
INTRODUCTION 
Society is in the midst of a technological revolution that has transformed nearly every one 
of our nation’s institutions. The integration of technological innovation over the past 60 years 
has had an undeniable effect on our society’s culture. A recent survey found that 92% of 
Millennials (born 1981-1996) own a smartphone.1 Additionally, 39% of Americans aged 18-29 
describe themselves as being online “almost constantly.” 2  The extensive utilization of these 
digital advancements has allowed us to accomplish goals that otherwise would have been 
impossible and provides educators with tools to pursue new opportunities to aid the development 
of mankind.  
Technological innovations have taken root in every level of education over the past few 
decades and have transformed the way that students communicate to, interact with, and learn 
from others. Efficient communication and instant access to large bodies of information are now 
more possible and affordable than ever before. Through the use of educational software, teachers 
can provide their students with a deeper understanding of material, improve critical thinking 
skills, strengthen memorization, and increase student confidence.3 
Dental hygiene educators are responsible for establishing a curriculum that considers and 
utilizes the technological influences of our modern age, and balances student expectations with 
the standards set by universities and accrediting bodies. These educators creatively employ the 
use of both passive and active learning tools inside and outside of class in order to accommodate 
the expanding body of dental hygiene information within the timeframe established for 
graduation.4  
Many of the regulatory organizations affiliated with dental hygiene agree that critical 
thinking is an essential skill to have as a clinician, and should be fostered in the curriculum5,6. 
According to the American Dental Education Association (ADEA) Commission on Change and 
Innovation in Dental Education, “Critical thinking is the reflective process in which individuals 
assess a situation or evaluate data by using mental capacities characterized by adjectives such as 
compare, analyze, distinguish, reflect, and judge”, whereas problem solving is the practical 
implementation of critical thinking.5 Section 2-23 of the Accreditation Standards for Dental 
Hygiene Education Programs by the Commission on Dental Accreditation (CODA) discusses the 
importance of problem solving and critical thinking in providing adequate patient care.6 The 
standard then goes on to assert that educational programs should actively incorporate learning 
tools that promote critical thinking and problem solving abilities in their students.6 
Many dental hygiene programs utilize simulation activities and case studies to encourage 
critical thinking and prepare students for the clinical decision making and/or problem solving 
that they will employ in real patient-management scenarios.7 In some cases, existing patient 
simulators contain physical components that make the tool expensive, difficult to utilize on a 
wide scale, and prone to becoming obsolete.8 It’s possible that a time-sensitive, goal-oriented 
simulation software would provide an efficient and affordable way for dental hygiene educators 
to supplement their lectures or provide opportunities for self-paced, active learning.  
One educational tool that could potentially accomplish these aims is an Interactive 
Virtual Game (IVG). An IVG is a software tool that promotes critical thinking, problem solving, 
and/or content memorization through timed, interactive simulations or activities. These exercises 
utilize many components of a traditional case-study, while also drawing on elements commonly 
seen in video games to engage the student by encouraging him/her to achieve milestones and 
make quick judgement-based decisions. Core components of an IVG include (1) virtual 
simulation, (2) reward-based competitive systems, (3) fast-paced questioning, (4) a design that 
encourages critical thinking, problem solving, and/or decision making, and (5) feedback on 
answers.13-16 
Across a variety of fields and professions, a rich body of research has been gathered from 
studies investigating educational tools that resemble an IVG.9, 12-16 Previous studies conducted on 
healthcare students’ perceptions of simulation software generally show a positive reaction and 
increased confidence in skills from the participants.4,12-16 A meta-analysis of 28 studies related to 
education, science, psychology, technology, computer science, humanities, and social sciences 
found that the use of Serious Educational Games (SEGs), Serious Games (SGs), and Educational 
Simulations (ESs) substantially improved cognition, affect, and skills based training.9 
As of now, there are no current studies in dental hygiene concerning an educational tool 
that includes all 5 core components of an IVG. However, many dental hygiene studies have 
shown that educational tools which utilize these IVG core concepts independently or in smaller 
combinations have resulted in superior patient care and/or clinician confidence.12-16 The purpose 
of this study was to determine the attitudes and perceptions of dental hygiene students toward 
learning with an IVG.  
 
METHODS AND MATERIALS  
The study received exemption from the University of North Carolina at Chapel Hill 
(UNC-CH) Institutional Review Board. The target population was 70 first and second-year 
students currently enrolled in the undergraduate dental hygiene program at the UNC-CH Adams 
School of Dentistry (ASoD). Exclusion criteria included anyone not in the dental hygiene 
program during the fall semester of 2018. All potential subjects were read a script and informed 
consent was gained by their voluntary participation in the study. An anonymous Qualtrics survey 
was developed by the principal investigator with the assistance of the Odum Institute at UNC-
CH. The survey was pilot tested with a group of undergraduate and graduate dental hygiene 
students, dental students, and faculty members at the UNC-CH ASoD.  
 All students in the target population were emailed a prompt asking for their voluntarily 
completion of the survey and a link to the Qualtrics survey. The survey was open for 2 weeks 
and 3 reminder emails were sent out. The Qualtrics link contained two components: 1) a short 1 
minute and 18 second descriptive video defining the concept of an IVG (Figures 1 and 2), and 2) 
a survey consisting of 24 quantitative, predominantly likert-style questions and 2 qualitative 
questions (26 total). Question topics varied between a number of different areas, including past 
experiences with technology and opinions of IVGs (Figure 3).  
The principal investigator imported the data from Qualtrics into SPSS, a software used 
for statistical analysis. Univariate analysis and descriptive statistics were predominantly used to 
draw conclusions about the data.  
 
RESULTS 
Fifty students submitted responses to the survey (response rate 71%), 29 of whom were 
in their second year (58%) and 21 in their first year (42%) . Gender was not a variable in this 
study, as all but 1 of the 70 dental hygiene students at UNC-CH were females. The mean age of 
participants was 23.7 years. Ninety percent (n=45) reported having played some type of 
educational video game in the past (Table I), and students indicated that they use technological 
devices for an average of approximately 6.7 hours per day. Students reported experience with 
technological apparatuses such as Quizlet (n=45, 90%), smartphone games/applications (n=43, 
86%), computer games (n=32, 64%), console games (n=27, 54%), handheld consoles (n=19, 
38%), and Kahoot (n=17, 34%). 
Students had a mixed reaction when asked about their previous experience with virtual 
games in an educational/classroom setting, with a little over half indicating a “somewhat 
positive” response (Table I). In a question regarding how often video games had been 
implemented effectively in classes, most students answered “Never”, “Rarely”, or “Sometimes” 
(Table I). The vast majority of students indicated that they were interested using IVGs to 
supplement the information presented in class (Table I). Students reported a very high level of 
interest in using IVGs to improve their critical thinking ability, memorization ability, and tactile 
skills (Figure 4). When asked about the level of anticipated effectiveness of IVGs in regards to 
critical thinking and memorization, most participants indicated that they expected IVGs to 
improve their abilities “a lot”, and a fair number responded “somewhat” (Figure 5). 
In response to a question asking for suggestions of topics that could be effectively taught 
by an IVG, 33 different subjects were recommended (Table II). When asked for additional 
feedback about the concept of an IVG, students stated that they believed IVGs were versatile and 
would improve their preparedness for patient experiences. 
 
DISCUSSION 
The positive perceptions and attitudes of dental hygiene students toward the concept of 
integrating IVGs into the curriculum affirms the precedent set by other fields of study and 
indicates the potential for an educational tool that could revolutionize the way that students 
review clinical material to prepare for patient encounters. If found to be an effective tool, IVGs 
could serve as a flexible way for students to get feedback and learn at their own pace. The 
encouragement of active learning and critical thinking could lead students to make confident 
judgements in clinic that result in superior patient care. In addition, using IVGs to supplement 
traditional classes could increase the versatility of classroom environments. Lastly, IVGs would 
be a smart investment for dental hygiene programs due to the ease at which they could be 
updated as new health guidelines and information evolve.  
Students had a mixed reaction when asked about their previous experience with virtual 
games in an educational/classroom setting, citing a lack of effective implementation (Table I). 
Diverse learning environments coupled with varying standards in game science contribute to the 
inconsistency in the quality of educational game designs.10 In future studies concerning the 
effectiveness of an IVG, a crucial step will be to develop and compare several IVG models with 
differing components to decipher which design maximizes the tool’s potential. A thorough 
review of Serious Educational Game implementation will also prevent the addition of base-less 
components during the design of the IVG.  
Despite the lack of research concerning IVGs in dental hygiene curriculum, research 
done with comparable educational tools has shown positive results in other health sciences.12-16 If 
properly adapted to and implemented in dental hygiene curriculum, a similar outcome could be 
achieved.11 Medical students who experienced Virtual Patient Simulation (VPS) software stated 
during group interviews that they felt the tool helped them learn and assess, fostered clinical 
reasoning, and prepared them for their future as clinicians.12  In comparison to the core 
components of an IVG, the VPS software contained virtual simulation, a design that encouraged 
critical thinking/problem solving/decision making, and feedback for incorrect answers, but not 
reward-based competitive systems and fast-paced questioning.  
A study conducted with first-year dental students at the University of Iowa College of 
Dentistry utilized a tool called an Interactive Dental Video Game (IDVG) to simulate sequencing 
of a dentin bonding procedure.13 IDVGs are similar to IVGs in that they contain virtual 
simulation and feedback for incorrect answers, but are different in that they do not utilize 
reward-based competitive systems, fast-paced questioning, and a design that encouraged critical 
thinking/problem solving/decision making.13 It was found that, with a single exception, there was 
no statistically significant difference in the post-lesson test scores between the experimental 
group which used IDVGs and a control group which watched an instructional video instead of 
using an IDVG.13 In addition, the students expressed a preference for the IDVGs due to their 
interactive self-paced nature and game-like appearance.13 It can be gathered from these findings 
that IDVGs were able to achieve approximately the same result as the traditional teaching 
method, were preferred by students, and could be utilized inside or outside a classroom setting. 
In considering this in relation to IVGs, it’s important to note that although the educational media 
of the IDVG in this experiment was relatively similar to that of an IVG, the educational method 
of an IVG would not be limited to facilitating memorization of a pre-set step sequence.14 Rather, 
there would be an emphasis on improving decision making and judgement abilities through the 
use of faced-paced timed questions, evolving clinical circumstances, and competition. 
In some cases, studies have shown that time-sensitive simulation activities can improve 
learning and critical thinking in clinical/health scenarios at a statistically significant level.15 
However, many of these tests contain a costly physical component (mannequins and equipment), 
which potentially limits the program’s ability to remain up-to-date on technology and guidelines, 
and also restricts the program application outside of clinical boundaries.8, 15-16 
Several health-based professional programs investigated the effectiveness of High-
Fidelity Simulations (HFS) and Human Patient Simulations (HPS), which combine a physical 
mannequin components with a virtual software program in order to simulate a medical 
emergency.8, 15, 16 These tools were similar to IVGs in that they mimicked real-time emergencies, 
so the simulated circumstance evolved depending on the input of the clinician. A study involving 
the use of HFS to strengthen dental hygiene students’ management of medical emergencies 
found a significant improvement in the participants’ ability to quickly identify the medical 
emergencies, intervene properly, and provide proper follow-up care to the patient.15  The designs 
of these studies were limited because students expected a medical emergency to occur, which 
eliminated the crucial element of surprise that plays a large role in managing authentic medical 
emergencies.  
The findings from these studies suggest that virtual simulation tools promote a similar 
level of understanding and critical thinking in healthcare/clinical scenarios when compared to 
other, more traditional educational tools.4, 8, 13-16 In achieving this, these game-based learning 
tools also consume fewer resources, are more flexible in student accessibility/use, are easier and 
more cost effective to update, and are preferred by students.8,12-13,16 It is likely that an IVG, 
which closely resembles these types of simulation software, would achieve a similar result for 
dental hygiene students. If shown to be effective, implementation of an IVG in to dental hygiene 
curriculum would allow a flexible and affordable way to encourage active learning and critical 
thinking both inside and outside of the classroom setting. 
Limitations of this IVG study include its small sample size, which limited the findings in 
representing the perceptions of all dental hygiene students across the nation and internationally. 
In addition, first-year students who participated in the study had just begun their dental hygiene 
education and had very little experience with the existing curriculum and patient care. Second-
year dental hygiene students had completed their first year of study but had not yet been exposed 
to topics introduced in the second year. This likely impacted the topic suggestions in response to 
the qualitative question that asked which dental hygiene subjects an IVG would be best suited to 
(Table II). A more accurate way to gather this data would have been to present students with the 
survey closer to their completion of the program. Another limitation of this study was that much 
of the feedback was skewed in favor of technology use and IVGs, eliminating the possibility of 
conducting bivariate analysis. Nearly all students indicated avid consumption of technology and 
positive perceptions toward utilizing IVGs and other technologies in the classroom. Without a 
more diverse pool of opinions, statistically significant findings could not be calculated.  
Despite these limitations, there is clearly a sentiment of interest and excitement regarding the 
use of IVGs and other technological innovations in dental hygiene classes. Further research is 
needed to investigate the effectiveness of IVGs and identify additional core components that 
would maximize the improvement of clinical judgement. The opinion of the faculty is also a 
crucial perspective to gain in preparing for implementation of an IVG. Investigation into the 
short and long term effects of learning with IVGs would allow educators to determine what type 
of impact the tool could have on the quality of care provided to patients. In addition, IVGs could 
potentially serve as a medium for many types of continuing education (CE) programs. 
 
CONCLUSION 
The study found an overwhelmingly positive response from students to the concept of 
utilizing Interactive Virtual Games in dental hygiene curriculum. Students indicated a wide 
variety of potential applications for IVGs, and reacted optimistically to the proposition of adding 
the tool as a way to supplement the information presented in lecture. The positive attitudes and 
perceptions of the dental hygiene students toward the notion of IVGs indicate that further 
research involving the design, implementation, and effectiveness of an IVG is appropriate. If 
shown to be effective, IVGs could serve as an affordable, always up-to-date, self-paced active 
learning tool in dental hygiene curriculum. 
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